Previous work from this laboratory 2 on the N+(H 2 ,H)NH+ reaction was limited to initial relative translational energies above 2 eV. However, the .electronic state correlation diagram for this system suggests that the nature of the reaction dynamics might undergo a substantial change as the initial relative energy was lowered. In this paper, we report experimental results that we have obtained in the low energy regime, and discuss them in terms of the electronic state correlation diagram for the system.
Experimental
This is the first work from this laboratory which has been performed with a new ion beam collision apparatus specifically intended for use in the regime of low ion energies. As is the case for our older apparatus, the newer model employs an electron impact ion source followed by a magnetic momentum analyzer and lens system to produce, select, and focus an ion beam of known mass and energy. The neutral target molecules were in this work contained in a collision cell, and thus had an isotropic velocity distribution. The ion gun-collision cell combination is mounted on a rotatable (Cartesian flux) .in a velocity coordinate system which has its origin at the center-of-mass of the system. In what follows, the individual components of the apparatus are described in more detail.
The electron impact ion source consists of a small cylindrical equipotential region surrounded by a tantalum grid and mounting plate. Electrons emitted by an external tungsten filament are accelerated radially through the grid into the cylindrical equipotential region where they ionize the ambient gas. The entire assembly is surrounded by a 3 cylindrical electron reflector, so that electrons can make more than one pass through the ion source region. Ions are dra\ll'n from the source axially through an aperture in the grid mounting plate, and directly enter the lens system of the momentum analyzer.
The magnetic momentum analyzer is ofthe 90° deflection type with circular pole pieces so that second order focusing may be achieved. The radius of curvature of ions in the field is 3 em, arid the overall flight path of ions through the analyzer and its entrance and exit lens systems to the collision center is approximately 22 em. Magnetic fields of up to 4000 gauss can be produced by two coils of 250 turns each that are energized by a current regulated po\ll'er supply.
The return yoke of the magnetic analyzer is a cylindrical can which completely surrounds the pole pieces in much the same way as in the magnet described by Carette and Kerwin. 7 As a result, there is virtually no magnetic field leakage from the momentum analyzer region into other areas of the apparatus.
Ions which leave the momentum analyzer are rendered into a parallel beam and decelerated to their kinetic energy at ground potential by a three element lens based on the As the rest of the intensity maps in Fig. 1 show, when the initial relative energy is decreased, the intensity peak broadens and moves to smaller barycentric velocities. The relative intensity at the center-of-mass velocity and at the larger angles increases steadily. At the lowest energy, 0.79 eV, the distribution is quite symmetric, with the intensity peak occurring at the center-of-mass velocity.
Discussion
As is well-known, a product velocity vector distribution which is asymmetric about the ±90° axis in the center-of-mass 6 . ..
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• 0 0 u 0 ~ 2 0 6 ~ 2 8 system indicates that the reaction proceeds by a direct, short-lived interaction in which the collision partners are close for a time comparable to or less than a molecular rotational period. It is clear from Fig. 1 that at relative energies above 2 eV, the N+ (H 2 ,H) NH+ react ions proceeds by a direct interaction mechanism .
The situation at lower collision energies is potentially more complicated, due to the increasing symmetry of the observed product distributions. A product distribution which is symmetric about the ±90° axis is consistent with the occurrence of a "long-lived" collision complex in which the collision partners are close to each other for a time which
is long compared to the characteristic rotational period.
The symmetry of the distribution results from the fact that the strongly interacting collision complex may decay to products at a rotational phase which is apparently randomly distributed with respect to the phase at the beginning of the interaction. While a symmetric product distribution is consistent with the occurrence of a long-lived complex, it does not necessarily indicate that such an extended interaction occurs. It fs conceivable that a system may possess a potential energy surface which produces a highly symmetric product distributi~n, even though all the reactive trajectories are ·of the direct interaction type. In addition, slight asymmetries in the true product distribution can be masked by such effects as detector resolution and finite velocity distributions of the reactants. Thes~ factor$ can be 7 particularly important for endoergic reactions where the products may be confined by energy conservation to regions very close to the center~of-mass velocity.
The distributions of Fig. 1 show an increasing degree of symmetry as the initial relative energy is lowered. Not only does the intensity peak move toward the center-of-mass velocity, the intensity contours at the intermediate and Because of the considerations expressed in the previous paragraph, this conclusion must be tempered with caution.
However, the marked departure of the intensity peak from the spectator stripping location clearly indicates that a stronger coupling and energy exchange between all atoms occurs in many of the collisions at lower energy.
In view of the fact that the ground state of symmetric NH 2 + lies approximately 6 eV below the minimum energy of 10 reactants and products, it is surprising that there is no evidence that the N+(H 2 ,H)NH+ reaction proceeds by a longlived complex mechanism at relative energies-above 2 eV. This is particularly true when one considers that the product and three a electrons, one of which is in an orbital which 3 - is antibonding between the terminal atoms. show that this 2 B 2 surface is flat at large c+-H 2 separations, and rises as the equilibrium ground ?tate geometry of is approached. There is no reason to believe that the state of N+-H 2 will differ appreciably in its behavior. If the distance between the two hydrogen nuclei is regarded as fixed, the potential energy of the N+-Hz system can be represented in three dimensions as a function of two coordinates.
These can be taken to be R, the distance from the center-of-mass two surfaces is small and vanishing. As a consequence, it will most often behave adiabatically and remain on the lower of the two surfaces. A system with higher initial relative energy can visit the region near the conical intersection.
As a consequence of the small separation between the surfaces and the finite nuclear velocity, there may be a considerable probability that the system will make a transition to the upper branch of the cone. The probability of a transition will be large if the conical intersection is such that the two surfaces are close for a substantial range of the coordinate a, but separate rapidly as R is changed. In the
system, such diabatic behavior at higher velocity will result in product formation by a direct interaction mechanism, just as is observed experimentally. In the limit o£ low velocities, almost all systems initially on the 3 A 2 -3 A" surface will behave adiabatically, visit the 3 A"-3 B 1 potential energy well, and display the .characteristics of a long-lived collision complex. This too is consistent with experimental observations. ...... 
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